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ABSTRACT: Beach sand color is an important part of the coastal landscape. Some beaches are well known worldwide 
for their sand color, such as the black and green beaches in Hawaii. Sand color is also an important factor in beach 
ecology through beach thermal changes. White sandy beaches are usually made of coral and shell. Tan, brown and gray  
beaches are made of sand trasnported by rivers or the erosion of sandy cliffs. Although the color of a beach depends on 
the sediment supply budget, sand color has generally not been used for the analysis of beach processes and 
sedimentation. We pefromed color determination of sand grains collected from 164 sandy beaches  with a scanner. The 
relative frequency of sand color rating was calculated using a color palette based on RGB color and the CIEL*a*b* 
1976 color space methods. We determined the relationships between the color characteristics and the geological 
features of river drainage areas using principle component and cluster analysis. Sandy beaches in Japan were classified 
into two general groups based on color; gray and brown. The different colors represent the different types of minerals in 
the grains. The brightness of the sand grains can be explained by the areal ratios of the felsic and  mafic rock.  Artificial 
sandy beaches are consist of more colored grains because the color of the imported sediment is different from the native 
one and the sorting mechanism has not developed. So-callled”singing sand” beaches include many quarts and therefore 
contain tan and brown  grains. The changes of the sand characteristics before and after the Tohoku tsunami in Japan 
were verified based on sand color information. Noticeable increases were also seen in th sand color brightness and the 
chromatic on the adjacent sandy beach of 1.4-  and the chromatic 4-fold, respectively. 
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INTRODUCTION 
Sandy beaches are a combination of waves, sand 
particle and vegetations.  Beach profile changes occur 
through the transport of sand particles   from one place 
to another due to waves, current and wind action. 
 White sandy beaches, such as the scenic beaches of 
Hakusya-Seisyo, Japan with white sand and green pines, 
are thought to be especially beautiful. Therefore, 
sediment from white sandy beaches is often used to 
make artificial beaches. Beach sand color is an important 
component of the coastal landscape and there have been 
cases in Europe and the United States where the market 
value of a sandy beach has been reduced by the color 
difference between imported and native sediments 
caused negative outcomes with beach nourishment (Roca 
2008). Pranzini et al. (2010) interviewed many beach 
users and found that they preferred light-colored sand.  
Sand color also has an effect on beach thermal 
characteristics. Sand temperature influences many 
species; for Sea Turtles, the sex ratio is influenced by 
temperature during egg development.  
Mineral analysis has been used to estimate the source 
or predominant direction of littoral drift. However, good 
skill and over one hundred particles per sample are 
needed to define the types of mineral. Ishii et al. (2009) 
estimated sediment transport directions by analyzing the 
elements of sand particles with  X-ray analysis. Nagao et 
al. (1989) examined the possibility of estimating the 
source of sediments using sand color information.  
Egawa (2002) defined ten sand colors with the naked eye 
based on a color finder. Tamai and Tsujimoto (2012) 
examined the relationship between coastal sand colors 
and the geological conditions of the nearby drainage 
basin.  
In this study the number of sand samples used is 
higher than in these previous studies, and principal 
component analysis (PCA) and cluster analysis are 
applied to the samples. Finally, we discuss the possibility 
of the use of sand color information for coastal 
engineering issues. 
   
PREVIOUS WORK ON SEDIMENT COLORS 
Previous work on the color of sediments such as sand 
particles, rocks and soil has been undertaken in fields 
other than coastal engineering, such as architecture, 
where stone color and hue are important factors for 
estimating the quality of a stone. In an architecture study,   
Urano et al. (2006) checked stone colors using a digital 
camera. For agriculture, the chemical quality of soil is 
important and Hasegawa et al. (2004) focused the 
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relationship between soil colors and total carbon content 
of soils, and proposed a method for estimating the 
carbon content of soils. To provide insights into rock 
erosion, Nishiyama (2007) reviewed methods to estimate 
the weathering ratio of rocks based on rock color. 
 
METHODOLOGY 
 
Sampling of Sediment and Image Reading  
 Samples of beach sand were obtained from near the 
shoreline. Table 1 shows the number of sampling points. 
The  samples were cleaned and dried for 24 h at 100℃. 
The latitude and longitude of the sampling points were 
recorded on a map or with GPS. 
Standard Munsell soil color charts have been widely 
used to estimate sand color; however, since 1990 the 
CIEL*a*b* 1976 color space method is preferred. This 
method records the relative color rather than the absolute 
color.  Therefore, a commercial scanner was used to 
obtain relative sand colors. Because scanner 
performance, such as optical resolution, is different 
depending on the type of scanner used, further 
investigations are needed to evaluate scanner 
perfomance . An image of a 5-cm square of sand surface 
in a glass chamber was obtained with a scanner. The 
resolution of the image is approximately  
0.032mm/pixel, ,and ～ 30,000 particles were contained 
in the image.  
 
Sand Color Assessment 
Because more than 16 million colors can be produced 
by combining red, green, and blue, selecting the most 
common colors is important.  There are eight colors in   
minerals as follows: white, red, orange, yellow, brown, 
green, blue, and black. Since white, gray and brown 
sands are prominent in Japanese sandy beaches, a color 
palette of 21 colors in total was used as shown in Fig.1. 
The color with the shortest distance between the single 
point of sand color and one of the 21 points on the color 
palette on a 3-D coordinate system of the Red Green 
Blue (RGB) color model was chosen and the sand color 
was characterized by the relative frequency. The grain 
size and the coefficient of sorting were also estimated 
from images using the autocorrelation method by Rubin 
(2004) and Tsujimoto et al. (2008). PCA and cluster 
analysis were then applied to the relative frequency of 
sand color. 
 
RESULTS 
 
Sand Color Analysis 
PCA was applied to the 202 samples. Results show 
that the first, second and third axes (PC1, Pc2 and PC3) 
together accounted for 79% of total data variance. PC1 
accounted for 40% of the variance, PC2 for 21% and 
PC3 for 18%. Figure 2 shows the factor loading of the 21 
colors. The variables for black, dark gray and dark 
brown had clear positive loadings, whereas white, light 
gray and light brown were negative on the PC1 axis that 
indicates brightness. The positive axis is light and the 
negative dark. Variables of brown have positive loadings 
and gray negative on the PC2 axis, signifying hue. The 
PC3 axis shows the intensity. 
 
Table 1 Number of samples 
Pacific
Ocean
Japan
Sea
Seto
Inland
Sea
East
China
Sea
Hokkaido 0 1 0 0
Tohoku region 27 0 0 0
Kanto region 20 0 0 0
Chubu regon 2 6 0 0
Kinki region 2 12 6 0
Chugoku region 0 31 0 0
Shikoku region 6 0 6 0
Kyusyu region 10 14 0 19
B G 90 G 80 G 70 G 60 G 50 G 40 G 30 G 20 G 10 W
R 0 19 48 75 102 128 154 180 205 230 255
G 0 19 48 75 102 128 154 180 205 230 255
B 0 19 48 75 102 128 154 180 205 230 255
BC１ BC 2 BC 3 BC 4 BC 5 BW 1 BW 2 BW 3 BW 4 BW 5
R 199 153 115 83 54 198 166 140 117 96
G 178 134 99 71 47 156 124 98 76 56
B 153 117 87 65 45 108 82 57 36 19
G ray
C ool Braw n W arm  Braw n
Fig. 1 Color palette based on RGB 
 
Table 2 Beach name 
Uradome Iwado Sakyu Sand-Dune Sand-Dune Hakuto
24 23 22 21 20 19
Hamamura Anegahama Himeji Aoya Idegahama Idegahama
18 17 16 15 14 13
Minase Ishiwaki Ishiwaki Tomari Uno Hawai
12 11 10 9 8 7
Hojyo Tsumanami Habase Akasaki Kaike Yumigahama
6 5 4 3 2 1
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Geolological Features of River Drainage Areas and 
Beach Sand Characteristics 
Figure 3 shows the sand color range for the beaches 
in Tottori Prefecture, Japan between longitude 
133.02636 to 134.32667. The vertical and horizontal 
(ordinate and longitudinal) axes show the beach number 
and the relative frequencies of colors. Table 2 shows the  
name of sampling point and number of each beach. 
Beach colors change from gray to brown from west to 
east, and relative frequencies of brown colors have a 
peak value at the sand dune sampling points. Although  
dark brown colors are predominate for all the beaches, 
light brown colors dominate at the sand dune sampling 
point.  
Figure 4 shows the spatial distribution of mean grain 
size and the coefficient of sorting. All the beaches listed 
in Table 2 are arranged on the category axis in west-east 
direction. The mean grain size decreases westward from 
0.4 mm to 0.2 mm and the coefficients of sorting are 
nearly constant for all the beaches. As shown in Fig. 4, 
the spatial variations of grain size and the coefficient of 
sorting are smaller than those of sand colors. The mean 
grain size and the coefficient of sorting at Sakyu Beach 
(sampling point 22), which is located on the east side of 
the Tottori Sand Dunes, are similar to those of the other 
adjacent beaches. However, relative frequencies of sand 
colors at this location are quite different from those at 
the other beaches. This is because the relative 
frequencies of dark gray colors are larger than those of 
-1 0 1
-1
0
1
-1 0 1
-1
0
1
Cool Brawn
Warm Brawn
Gray
PC1(Factor Loading)
P
C
2
(
F
a
c
t
o
r
 
L
o
a
d
i
n
g
)
PC1(Factor Loading)
P
C
3
(
F
a
c
t
o
r
 
L
o
a
d
i
n
g
)
Fig.2 Factor loading of color 
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
Yu
m
ig
eh
am
a
K
ai
ke
A
ka
sa
ki
H
ab
as
e
Ts
u
m
an
am
i
H
o
jy
o
H
aw
ai
U
n
o
To
m
ar
i
Is
h
iw
ak
i
Is
h
iw
ak
i
M
in
as
e
Id
eg
ah
am
a
Id
eg
ah
am
a
A
o
ya
H
im
ej
i
A
n
eg
ah
am
a
H
am
am
u
ra
H
ak
u
to
Sa
n
d
d
u
n
e
Sa
n
d
d
u
n
e
Sa
ky
u
u
Iw
ad
o
U
ra
d
o
m
e
d50{mm}
Sorting
Hino R.
Katsuta R.
Amida R.
Yabase R. Katsube R. Gamo R.
Sendai R.
Kawachi R.
Fig.4 Distributions of grain size and the sorting 
coefficient 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
B
G90
G80
G70
G60
G50
G40
G30
G20
G10
W
BC1
BC2
BC3
BC4
BC5
BW1
BW2
BW3
BW4
BW5
Fig.3 Beach sand color distributions at Tottori coast 
１２
１４
１４
８
７
２４
２
２３
１
２０
２１
２２
１７
１５
１０
１１
３
９
１９
４
１６
１８
６
５
-6
-4
-2
0
2
4
6
8
-8 -6 -4 -2 0 2 4 6
P
C
2
PC1
A
B
C
D
Fig.5 First two principal component scores 
 
 
G. Tsujimoto and M. Tamai 
144 
 
the other beaches and all the colors shown in Fig.1 are 
included. A sand replenishment project is located in 
front of the Tottori Sand Dunes and the supplied 
sediments are transported eastward by the longshore 
currents, which is thought to influence the sand colors 
(Tottori Prefecture 2006).  
  To clarify the characteristics of the beach colors, 
PCA and cluster analysis are applied to the relative 
frequencies of the beaches. Contribution ratios of the 
first and second components are 49.7% and 38.4%, 
respectively. The cluster analysis using the Ward method 
classified all the beaches into six groups (G_A, G_B, 
G_C, G_D), as shown in Fig.5.  
As described above, the characteristics of sand colors 
of both the Tottori Sand Dunes and the Sakyu Beach are 
quite different from those of the others beach. The 
relationship between the geological features of river 
drainage areas and the sand colors on the 23 beaches was 
examined. Beaches in Tottori Prefecture were analyzed 
to investigate the spatial distributions of beach sand 
colors. Geological characteristics of river drainage areas 
were analyzed with the method proposed in our previous 
study (Tami and Tsujimoto 2012).  There are several 
rivers in the study region between longitudes 133.02636 
to 134.32667. However because the Tottori Prefecture 
Government emphasizes the the importance of  the Hino,  
Tenjin and Sendai rivers to carry out their 
comprehensive sediment control plan, seven other rivers 
(Katsuta, Kao, Amida, Yabese, Katsube, Kawachi and 
Gamo) are added to the previous three rivers. Figure 6 
shows the relative frequencies of geological stratums and 
the relative position between the rivers and the beaches. 
The six beaches that belong to the G_A group are on 
east side of Hibi, Katsuta, Ko, Amida and Yabase rivers 
and are high in gray sand. The longshore sand transport 
at the mouth of the Hino Rives has a dominant westerly 
direction with only some transport in the easterly 
direction. Therefore, the other rives, where mafic 
volcanic rocks predominate over the drainage areas, 
influence the beach sand color. Kaike Beach and 
Yumigahama are both west of the Hiro River; however, 
their sand colors differ. Because the sand is sampled on a 
tombolo connected to a breakwater, the influences of the 
Hino River on Kaike Beach sand is relatively small. 
Aoya Beach is well known as a singing sand beach and 
is located east of the Katsube River. However, this beach 
is not part of the G_B group. As mafic volcanic rocks 
dominate in the Katsuta River basin, the geological 
features are similar to those of the other rivers. 
The four beaches belonging to the G_B group are 
singing sand beaches. Tsujimoto et al. (2002) concluded 
that ignition loss is related to the reduction of sound 
quality in ‘singing sand’. It is also thought that polished 
quart sand is needed to produce the sweet sound. East-
west longshore sediment transports occur offshore of the 
Tenjin River (Tottori Pref. 2001) and the geology of the 
Tenjin River basin consists of granite rocks that contain 
many quarts. 
The beaches in Group C are located east of the 
Tenjin River, except Yumigahama Beach. Hawai, Uno, 
Tomari and Ishiwaki beaches are located near the mouth 
of the Tenjin River and dark color sands are dominate 
here. Yumigahama Beach, on the other hand, is west of 
the Tenjin River and the geological features of the Hino 
and the Tenjin River basin are similar to each other. 
Ishiwaki Beach is a singing sand beach that does not 
belong to the G_B group. Samples of beach sand were 
obtained from Ishiwaki Beach in 1999 and 2010. 
Hoshimi (1992) reported that Uno Beach used to be a 
singing sand beach. Since artificial beach nourishment 
was carried out in Uradome Beach in the past, further 
research is needed. 
The four beaches belonging to the G_D group are 
loacated east and west of the Kawachi and the Sendai 
Revier with brown sand as the dominant color. The river 
basins contain granite rocks and felsic volcanic rocks; 
therefore, it is thought that Hakuto and Hamamura 
Beaches used to be singing sand beaches.  
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Mafic valcanic rock
Mafic hypogene rock
Fig.6 Geological stratum of river basins 
 
0.2 0.4 0.6 0.8 1
1
1.5
2
D50（mm）
S
o
rt
in
g
 c
o
e
ff
ic
ie
n
t
2009 2012
Hazaki
Ajigaura
Oharai
Oharai Sun
Ottake
Ohno -5 0 5
-4
-2
0
2
4
PC1
P
C
2
Fig.7 Grain size and sorting coefficient and PC1 and 
PC2 scores before and after the Tohoku tsunami  
 
 
Analysis of Beach Sand Color and Its Application to Sedimentation 
145 
 
Characteristics of Sand Color before and After a 
Tsunami  
Figure 7 shows the grain size and the sorting 
coefficient for samples obtained in December 2009 and 
February 2012 in Ibaragi Prefecture and the sand color 
results using PCA analysis. While the sampling points 
and the number of samples are not always identical, it 
can be seen that sand become coarse-grained and the 
sorting coefficient increases. The contribution ratios of 
the first and second PCA components are 51.3% and 
25.1%, respectively. The sand colors have a tendency to  
change to brown. 
 
COLORIMETER MEASUREMENTS 
 
Method by CIEL*a*b* 
The CIEL*a*b* 1976 color space is one of the most 
uniform color spaces certified by the CIE (Commission 
International del’Eclairage). Color is measured by a both 
photoelectric tristimulus colorimeter and 
spectrophotometric colorimetry. The former measures 
color with a censor like the human eye, and was used by 
Pranzini at al.(2010) to quantify imported sand colors. 
The later measures the reflection coefficient of an object. 
In the CIEL*a*b* space, L* is the lightness component, 
which should range between 0 and 100.The value for a* 
and b* are related to the opposite color pairs of yellow-
blue and red-green, respectively. 
A Konica Minolta CM-700d colorimeter was used to 
estimate absolute sand colors in this study. A glass palte 
was covered with sand particles, and sand colors at the 
surface were measured five times with the colorimeter. 
 
 
Results 
Figure 8 shows the relationship between L* and b*  
for beaches in the Mikagi, Iwate and Chiba Prefectures.  
Because the variation range of a* is small, few 
differences are seen among the beaches. All the samples 
were obtained following the tsunami, in April, 
September and December 2011, and in February 2012. 
The values of L* are between 45 and 70 and b* between 
-3 to 12. Although the sampling points are also adjacent 
to each other in Okirai Beach, the value of b* is  4 times 
that of L*..  Samples obtained near the shoreline and on 
land on Akaie Beach have different colors.  
These types of color information can be obtained by 
CIEL*a*b* and twenty-one by RGB method. To clarify 
the differences in color distribution between CIEL*a*b* 
and RGB, PAC and cluster analysis were applied to both 
samples. The results showed a cluster tree with five 
groupings. 
PC1 indicates brightness, corresponding to L* of 
CIEL*a*b*.The L* values of the area enclosed by solid 
lines are from left to right, are L*>70, 70>L*>60, 
60>L*>55, 55>L*>50 and 50>L*. The regions classified 
by RGB correspond to those by CIEL*a*b*. 
 
CONCLUSIONS 
1) Beach colors in Japan can be classified into gray 
color and brown. 
2) The relationships between beach sand color and 
the geological features of river basin can be useful 
information for sediment transport studies. 
3)  The number of colors in an artificial beach is 
larger than that in a natural beach. 
4) There is good agreement between sand color 
assessment by a colorimeter and a scanner. 
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